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ABSTRACT 

1. INTRODUCTION 

The 500-1llb. cut,-off Low in  tlrc  sout~llwest~crn  1Jnitetl 
States presents a challenge  to  the  forccast'er. First) he 
must recognize the  r~~echanisrns  which  result  in thc for- 
mation of the  cuboff Low. Oncc  the llOw is cut' off, he 
must decide  whether. i t  will progress or retrogress.  Whcn 
retrogression occurs, the forccast,er  rnust,  decitlc t80 what 
extent this will takc  place.  Following  retrogression, tlw 
Low is almost  invariably  quasi-stationary  for a period. 
Finally the  forecaster  must  determine at, what t,irrle t'hc 
Low will com~nence  to  move  eastward. ]TI additiorl, he 
must relate  all  this t'o surface  developlnents and t'lleir 
associated weather  patterns. 

This article  deals  wit'll  the lil'c cycle of thc  soutl~wcstrrn 
cut-off Low of January 20-29, 1962, divided into Pllasc 1, 
covering the  period of the formatmion and the rct'rogression 
of the cut-off Low;  Phase IT, t'he  eastwa,rd r ~ ~ o v c r ~ ~ r n t  of 
the  Low beginning at  1200 GMT on t'hc 24t'h, and Phase 
111, commencing a t  1200 GMT, on  the 27t11, t'lle  final  de- 
velopment influencing  Urlit'ed Stat,es weat'ller, as the ],ow 
moved across the  At'lant'ic coast'. 

Emphasis is on events a t  t,hc 500-111b. Icvel. Store 
specifically, an  attempt  is made to  cornpare  the  forecasts 
of these events  by  barotropic  prognoses  cornput'ed by the 
Numerical Weather  Prediction  Unit  (NWP) wit811 the 
modified forecasts  prepared b y  t . 1 ~  Analysis  and  Forecast 
Branch (A&FB),  both ol the  National  Rieteorological 
Center. The  approach  is  diagnostic  in  nature  with a11 

effort to highlight  some of t'he difficult'ies  in the  forecast 
problem. The chart8s shown  in  the  illustrat'iorls are 
copies  of the  operational  charts  used  in  the  Kat,ional 
Meteorological Center. 

2. THE CUTTING-OFF OF THE LOW AND ITS 
RETROGRESSION 

near tho  Orrgon-('alifornia  border (fig. 1A).  The 500-mb. 
chart for the  s:me  time  is shown in  figure  IB.  The 
observed track of the  500-mb.  impulse is shown  in  figure 
2 :dong with  t'he N W P  forecast  track  and  the  A&FB 
track resulting from n1odificat)ion to the KWP forecasts. 
It ('an be seen that,  early  in  the  period, NWP erroneously 
predicted  the  center to be  too  far  east. It was not :until 
the 500-nlb. Lorn was cut of?' and  had commenced  to 
retrogr:de that the NWP forecast  and  observed  positions 
became  nearly  coincident off the  southern California 
coast on the 2Bd. The  A&FB modifications,  resulting 
in  an  even  more  easterly  track  than  that OI the KWP 
forecasts,  were  unsuccessful  during  this  phase. 

Initially, u-lrcn the surface st'orm was intensifying,  the 
A&FB  forecast'crs wcrc too impressed  with  the  apparent 
bnr.ocslirlicit8y of the surface  development  to  recognize 
fully  the  possibility of a cut-off Low forming  aloft;  t'hcy 
t'reat'cd the system as a vigorous  moving  short  wave. 
The normal  baroclinic  corrcction was applied to the 
NWP forecast,s.  This  correction  rotated  tho  t,rough  in 
an anticlockwise  direotion sout'h of the  center of maximum 
vorticity,  wit,h  the  greatest  correction  applied in the 
vicinity of the t~hermal jet' [7].  Aside from the  barotropic 
indications,  the  most  obvious  clue  to  the  situation  that 
was Inisset1 by t'he A&FB  forecasters was the advection of 
antmicyclonic  vort'icity  into  the  eastern  Pacific (fig. 3A) 
rcsult'ing  in a strong  blocking  ridge.  This  contributed 
t,o the  st,abilizat8ion of the long-wave  trough  posit'ion on 
the west coast of the  United  States.  Even  after  this 
Low was recognized as cut off, the  A&FB  forecasters 
wcre  confounded by the fact  that  errors  in  the  barotropic 
forecasts  did  not  conform  to  earlier  observed  error  patterns. 
'rhe  syst'emat'ic  errors  observed with previous  cut-off 
J,ows indicated a tendency for thc barot,ropically  forccast'ed 
center to retrograde  too  far  westward [3, 41. 

On January 20, 1962, at  0000 GMT, a surfa.ce  storm  in It is recognized by A&FB  forecasters  that,  the  mount.ains 
the process of intense  cyclogenesis was moving  inland exert a considerable  influence  on  the  behavior of weather 



FIGURE ].-(A) Surface and (€3) 500-ml). ch:trts for 0000 CMT, Jitnuary 20, 1062. 



FI(;URE 3.-500-mh. height  corrtonrs (solid  lines ill hundreds of 
fcct) with absolute  vorticity  analysis (dotted lines with units of 

sec.-l). (A) Initial  analysis  for  1200 GMT, January 21, 1962, 
(13) iYWP 36-hour  forecast,  verifying  time 0000 GMT, January 23, 
196%. ( C )  Verification analysis, 0000 GMT, January 23, 1962. 

t i~ne ,  a d  in the absence of strong wind  fields  irnpingipg 
on the  ~nountai~ts ,  t,he barotropic  model  presently  in use 
has the capability of slccurat'ely  predict,ing the  rnove~nent 
of these T,ows in t,he  west coast region as long  as  t'hey  are 
not Jllovillg eastward. 



FIGURE 4.-Surface analysis for 1200 CMT, Jnnrutry 21, 1962. 

It is interesting to reflect a bit on w h a t  trttnspircd : L t  
the  surface  during the period in which these events  were 
t'rtking place  aloft. As has  already been noted, the Low 
was  developing  rapidly LLS it  was moving  inland  early on 
the 20th. It, reached  maxinlunl  intensity between 0600 



12 hours and was  locwtcd just off' the Lower (~'alifornia in this  particular c:~se, t he  ttccornpmyirlg  vorticity  charts 
coast (fig. 6A). Surfwe development  irllmd appcarcd were  also  disregarded. Tho first  problern,  t'hen, was 
tto be imminent. esti1n2ttirlg a location Tor tllc 500-mb. center  at' a 36-hour 

Since the  barotopic forecast was  corlsidered urlrclitlble verifying  time of 0000 GMT on the 26th. Extrapolation 



of previous n~otion  indicated tt position  about 9' f:nthcr 
east (at  the  longitude of west,ern  Kew  Mexico) after :I6 
hours. A Wilson  Grid  comput,wtion [14j gave nn ettstwud 
movement of about 6' in  t,hat  time,  a  forecast,  which was 

FIGURE 9,"Error of the S W P  36-hour  barotropic 500-1nh. con- 
tour  forecast (solid 1irlc.s) and A&FB modification (dashtid 1inr.s) 
verifying a t  0000 GMT, January 26, 1962. 

thought to be slow- in  view of' the  expected  surlacc dcvelop- 
merit and consequent  baroclinicity of the system. In 
m y  event, it did not appear that the  closed llow would be 
"picked  up" 1))- a passing  short-wave  trough  from the 
northwest,  and  tllrref'ore  :tppreciablc  acceleration was 
thought to he  unlikely. As a first  npproxinlation, the 
center WIIS placed ut' the  longitude of the Arizona-New 
Mexico border, with t h e  exact  latitude  to  depend on the 
location of the  forecast surl'ace Low. 

T h e  initial 1000-500-n1b. tbichless  analysis (fig. 6B) 
showed t~ zone of strong thernd gradient'  extending 
I'rorn Xeu- Mexico  through  northern  Texas  into OklrLhorna, 
with the itxis of the thickness  ridge  through  Oklahoma. 
With the 500-tnb. Low expected to move  toward this 
u e w ,  positive  vorticity  would be approaching  the thiclr- 
ncss ridge and  the most likely  place  for cyclogenesis, 
according  to  ABFB  practices [7] based on  Sutcliffe's 
iwticles on  development [ I l l  [12], would be x spot on the 
therrrltrl jet  lying  about' 3i of the  distance  from the thick- 
ness trough  to the downet.renrn ridge.  This  location 
(new Atnnrillo,  Tex.) uws also  wit,hin an area  Petterssen 
[9] showed to he c1irll:ltologic'"lly favorable  for  develop- 
m e n t ,  and the surface center wtts placed  accordingly 
(fig. 7B). At this  tirnc  the 500-mb. Idow (left previously 
on the  Arizona-Sew  Mexico border) was located  at 
: 3 3 O  X . ,  which  would  show  the  upper Tlow following  the 
surfwc center and   dso  give a slope  between these systems 
consistent  with  t,hr  study by Wiin-n'ielsen [13].  

The initial  thickness (fig. GB) indicated the strongest 
tllcrrnal  gradient  ls-ing well to  the north of the area in 
question;  thus  the strong cold  air  advection  needed for 



pronounced  surface  deepening  in  Texas was not likely 
to occur. A central  pressure of' 996 rnb.  representing 
only moderate  intensification, WQIS forerast. 

The  final  problenl was to  tletennine  the  central 11eigl1t 
of the  predicted  500-nib. Low. First, :I subjective thick- 
ness forecast was preptlred (fig. 7B),  using  the  features 
of the  surface  prognosis  as a guide and keeping i n  lllitltl 
that  the  forecast  should  follow logicall?- I m r l  the  initial 
conditions. The result' was graphicall)- added to the 
1000-1nb. forecast,  which  gavc a closed  18,200-1t.  contour 
around the  500-mb.  center (fig. 7A);  this appeared I'CWSOII- 

able in view of the  init,ial  depth  at  that  level. 
The A&FB prognoses  were  successful in  the  :ma  under 

discussion. The 500-rnb. center was a,ccurately  forecast 
as to  depth  and  location (fig. 8A), while the  height-error 
pat'tern of the modified  prognosis  showed :L ~ntlrl~etl  
improvement,  over that  of the unmodified  barotropic 
forecast (fig. 9).  The  surface Low verified  within 100 m i .  
and 4 rnb. of the forecast position and intensit'y (fig. SB). 
Thus, recognition of :L situation where the  barot'ropic 
forecast required  considerable  modification  led to a 
vastlJ7 better  surface  prognosis  than  would  otherwise 
have been produced, a prerequisite for improved  fore- 
casts of' weather conclitiorrs a t  t,he 10c:d level. 

4. 500-MB. ACCELERATION  AND ASSOCIATED 
SURFACE INTENSIFICATION 

speed of about 4' of longitude  every 12 hours to a position 
near  Shreveport,  La. (fig. 10A). During  this  period, 
A&FB consistently and successfully  modified  the NWP 
lorecast,s to  indicate  great'er  eastward  displacement of 
the 500-rnb.  trough.  These  modifications  were  not  due 
to any tnttrked indication of baroclinicity  but  rather to 
the cllnrttcteristic slow.ness in the  barotropic  forecasts 
of trough  displacements a t  low  latitudes, as noted  in  the 
stutly  by D u m  [2]. This type of error  showed up per- 
sistently in the  12-hour  barot'ropic  forecasts  which  are 
subjectively  verified as part of the  analysis  procedure 
in A&FB. 

Surface  developments  during  this  peiod we:e complex. 
The cyclone  originally  associated  with  t'he  upper  closed 
Low moved  rapidly from the  Texas  Panhandle t'o the 
lower  Great  Lakes, where it was swept  eastward by a 
short-wave  trough  in  t'he  northern  branch of the westerlies. 
>1canw-hilc, in response to the  slower-moving 500-mb. 
Idow, a new  wave  formed on the  polar front, and by 1200 
GMT on the  27t'h  this  center was situated  in  sout'hern 
hlississippi (fig. 10B). 

The  barotropic  36-hour 500-1nb. forecast (fig. l lA),  
made  at,  this  time  and  verifying  at 0000 GMT on  the  29th, 
showed  the  closed Tlow accelerating  east-northeast'ward 
and  becoming  absorbed by the  westerlies  to  it's  north. 
'I'his represented  a  potent'ially  important  event  in  t'hat 
it  might well be nccornpained by  rapid  surface 
intensification. 

For R prelirninary  guide RS to  the  future  location  and 
strength of the  surface Low, several  object'ive  prediction 

FIGURE 10.-(A) 500-mh. contour  analysis (solid  lincs) and 500-mh. vorticity  analysis  (dotted lines with  units of sec. - I ) ,  1200 GMT, 

January 27, 1962. (B) Surface (solid lirlcs) and 1000-500-1rlb. thickness  (dotted lines) analyses, 1200 GMT, January 27, 1962. 



FIGURE 11.-(A) N W P  36-hour barotropic 500-rnb. contour  forecast (solid linw), A&FB modification (dashed  lines),  and S W P  36-hour 
barotropic  vorticity  forecast  (dotted lines with  units of sec.-l), verifying  time 0000 GMT, January 29, 1062. (B) -4&FH 36-hour 
surface  forecast (solid 1inr.s) and 1000-500-mb. thickness  forecast  (dotted  lines), vcrifyirlg time 0000 G w r ,  January 29, 1962. 



The barotropic  36-hour  vorticity  prognosis (fig. I 1 A) 
t’ook the  c>oncentration of vorticity irlit’ial1)- tlssociated 
with t’he 500-111b. and surface ~ ~ 0 ~ ” s  nort~henstwitrd to the 
Cape Hatteras area as :LI~ elongated,  almost two-celled 
max-imunl. The question was then  raised as to w 1 1 i r h  
“cell” the  surfacc  centcr would ultimitelj- be nssociatd 
with. A closer  look ttt tllr  initial  vorticity ~ ~ ~ : ~ x i m u n l  
(fig. IOA) revealed  that’  it,  too, h:d a sonlewhttt  “dou1)le- 
celled” appearance, wrld that  the surface  wave  initially 
appeared t’o be more  closely  related to  the  southernlnost 
“cell”. A spot 5’ of latitude downstream from tllc 
forecast southern  ‘icell”, U-BS therefore  indicatetl as yet, 
another  possible future locat’ion for the  surfncc Low. 

This was accept’ed as the final  choice for pli~cetlletlt 
since it W:LS felt’ that  of all the  nlethotls  considered,  the 
barotropic forecast wotlltl give the nlost relithlr a i d  i n  
this casc. I n  support of this decision, :I look a t  Pctters- 
sen’s charts on wintertime  cyclogenesis  frequency [91 
showed that  the chosen location (34’ S., 72’ W.) was 
more favorable  than  areas to the north or south.  (Appli- 
cation of SutclifTc’s theories 011 development [ I  11 [12] was 
not possible here;  the  initial 1000-500-rnb. thickness  over 
the east  coast  area (fig. 10B) sho~ved R maXirnun1 of 
gradient far  to  the  north, and no true  jet  in  the  southern 
branch of the  thermal  wind field could  be seen downstretun 
from the  surface  Low.) 

Since the 500-111b. feature iissocirited with  this  systelll 
was forecast to decrease 111iirketlly in t~n~pl i tude ,  a n t 1  

since the  thickness  lines  tlowllstrcatn were a t  best straight 
or even weakly cyclonic., 0111)- rnoderate  deepening (1 1 mb.) 
was predict’ed (fig. 11B). 

With the  btuotropic  prognosis tIcccpted ant1 the surfwe 
center placed accorclingl>-, it ren1:tinetl to  decide  whether 
or not to nirike tl correction to the 500-111b. trough for 
baroclinicity, a technique  described 1 ) ) ~  Spiegler [ IO] .  
Wit’h surface  deepening  not  expected  to  reach 20 n l h .  or 
more, a true  Spicgler  correction was not  indicated, but 
in view of a certain dcgrcc of cold  advection or huroclinic- 
ity expected to be taking  place  at  the  verifying tilrlc, 
some srnaller  modific+atiorl of the harotropic forecast still 
appeared to be in order. Such a correction WIS 117wtJe 

(fig. 11A), i n  line wit,]) AcWR prtlctiw (71 >IS ciesc~ribetl 
in section 2 of this  uticle;  it will be not>etl tht~t  this  cht~nge 
is essent,ially similar  to  that  described by Spicgltr, b u t  
of lesser ~n t~gn i tude  he(~ause of tlle sn1:dler : I n l o u n t  of 
surface intensification  expected. 

On the  verifying 500-1nb. chart (fig. 1211), it (’1111 br seen 
that a l tho~~gh  the  closed Low had opened into  the  wester- 
lies as forecast, the  positivc  vorticity  nuwinlutn was farther 
north than expected.  Sorrctheless,  the  500-mb. error 
chart (fig. 13) shows that while the  bttrotropic  forecast 
was Elore than 400 feet  too  high in the  North (!ttrolinw 
area, the modificd  prognosis r e d u c d  this error to  so111r~vh:tt 
over 200 feet. 

The surface m t p  for 0000 GMT on the 29th (fig. 12B) 
indicates the  surface wave verifying  ttbout 200 nliles 
northeast of the  forecast  position,  and sollle IO 1111). deeper 

FI(;URE 13.-Error of thtl N W P  36-hour  barotropic 500-mb. con- 
tour  forecast (solid lints)  and A&FB modification (dashed lines) 
vvrifying a t  0000 CMT, January 29, 1962. 

than expected.  Wit’h  regard to 10c:d forecast)  problems, 
this  additional  intensification and more  nort’herly t’rltck 
was  particularly  critical,  sinco a band of heavy  snow fell to 
the  north of the  track and some  areas  along  the  middle 
Atlantic  coast  received t’heir heaviest’  snowfall of the 
winter. 

In  retrospect,  it   appears possible that  the  additional 
heat source represented by the  Gulf  Stream  contributed t’o 
tt degree of deepening  not  adequately  predicted  by  any of 
the  objective  systenls.  At  first  glance,  the George ~0111- 

putation appears to  have  given  the best clue as  to  the  more 
northerly  verifying  position of the storm,  but  it  is  also 
true  that if‘ the forecast,er had chosen  a  spot 5’ downstream 
I‘rotn the  middle of the  elongated 36-hour vorticity nlaxi- 
nlutr l  (rather t , l~an the  middle  of the southern  “cell”), A 

hctter forecast  would  have  resulted.  Thus,  it is evident 
that  even  with  the use of a nurnber of objective  aids  in- 
cluding  cornputer-protluced  prognoses,  t’here is still  ample 
opportunity for the  forecaster  to use his  skill in  nlakirlg the 
proper subjective  int~erpretations of these  aids. 
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